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ABSTRACT 
Abandoned mines are one of the most significant pollution threats in the UK 
affecting more than 5,000 km of rivers, as well as important drinking water 
supply aquifers. Thousands of these mines, some dating back to the Bronze 
Age, extracted coal, metals and other minerals. Mining-impacted rivers 
discharge some of the biggest loads of metals such as Cd, Fe, Cu and Zn to the 
seas around Britain. Many environmental quality standard failures for priority 
substances under the Water Framework Directive are in metal mining areas. 
The worst discharges from closed deep coal mines have been prioritised and 
54 minewater treatment plants capture thousands of tonnes of Fe and other 
metals every year, protecting over 200 km of rivers and drinking water 
aquifers. Treatment is only in place at one abandoned metal mine. We are now 
prioritising the UK rivers most impacted by metal mines and developing a 
national remediation strategy. The effect of highly contaminated sediments on 
ecosystem health remains unclear. Sustainable passive technologies for coal 
minewaters are proven but new treatment systems are required for metal mine 
discharges, preferably with recovery of metals, energy and water. Abandoned 
mines are important reserves of biodiversity and industrial heritage sites 
including the tin and copper mining areas of the new Cornwall and West 
Devon World Heritage Site.  
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INTRODUCTION 
Abandoned mines are one of the most significant pollution threats in Britain. Our legacy of 
mining for coal, metal ores and other minerals dates back to the Bronze Age. Mining output 
peaked in the eighteenth and nineteenth centuries after the industrial revolution, when demand 
for coal and metal ores was at its highest. 
 
Many thousands of mines have been abandoned and now discharge heavy metals and other 
pollutants into our watercourses. Other more recently closed mines are still filling up with 
groundwater and will start discharging in the future. Mining-impacted rivers carry some of the 
biggest discharges of metals such as Cd, Pb, Cu and Zn to the seas around Britain. Work for 
the European Water Framework Directive (EU, 2000) has identified that more than 5,000 km 
of rivers in the UK are at risk of pollution from abandoned mines.  
 
We have made significant progress dealing with abandoned mines since the National Rivers 
Authority report in 1994 (National Rivers Authority, 1994), but there is still a long way to go 
(Environment Agency, 2008a). Unfortunately the ‘polluter-pays’ principle cannot be applied 
since UK law means that no-one can be held liable for pollution from mines abandoned 
before 1999. This paper sets out the nature and scale of the problem in the UK today, the 
successes achieved so far and the challenges that remain.  
 
WATER FRAMEWORK DIRECTIVE (WFD) 
The Water Framework Directive fundamentally changes the way that the water environment 
in Europe is regulated. It encourages a catchment-based approach to managing the quality and 
quantity of water in rivers, groundwater and coastal waters. The most significant change is 
that it requires regulators to consider the water environment holistically by integrating water 
quality, quantity and physical habitat with ecological indicators. 
 
The main objective of the WFD is for all water bodies to achieve “good ecological and 
chemical status” by 2015. In addition to the measuring the concentrations of certain chemicals 
in rivers, lakes, groundwater and coastal waters, this is being explicitly judged against 
biology. Implementation of the WFD is based on large River Basin Districts (RBD); nine 
RBD have been defined in England and Wales, one in Scotland, plus one cross-border RBD.  
 
One of the first steps in delivering the WFD has been to understand the current state of the 
water environment using existing water quality and biological data. We have identified point 
and diffuse pollution sources to assess the risk that water bodies will not be in good status by 
2015. Draft River Basin Management Plans have been published (Defra, 2009) which outline 
the main pressures on each catchment and the monitoring and management measures that are 
needed to achieve good status in the UK’s river basins by 2015. Whilst the most widespread 
pressure is agricultural nutrients, pollution from abandoned mines is very significant in seven 
of the twelve river basins (Table 1 and Figure 1).  
 
Table 1: WFD water bodies impacted by abandoned mines 
 
# of river 
water 
bodies 
River 
length 
(km) 
% of 
total 
# of groundwater 
bodies 
Area 
(km2) % of total 
Coal mines 141 2,276 4 25 31,380 11 
Metal mines 315 2,858 5 19 20,154 7 
Total 456 5,134 9 44 51,534 18 
 
NATURE OF PROBLEM 
Early prospectors relied on poor water quality to find metals like Ag and Sn in streams and 
sediments. This long history is reflected in place names such as Redruth and the Red River in 
Cornwall, Afon Goch (red river) on Anglesey and the Ochre Burn in Midlothian. Pollution 
from mining activities is particularly difficult to deal with due to the length of time over 
which discharges can persist. Thirteenth century coal workings near Dalkeith in Scotland still 
discharge acidic, Fe rich waters into the River Esk (Younger and Adams, 1999). 
  
The main sources of pollutants from mining are metal-contaminated water from the rebound 
of groundwater formerly depressed by pumping, and leaching of metals from spoil heaps 
(waste rock piles) into surface and groundwater. The main pollutants include Fe, Zn, Pb, Cd, 
Mn, Cu and acidity. These contaminants are released as a result of the oxidation and 
dissolution of sulphide minerals, particularly pyrite (FeS2), which are closely associated with 
  
 
Figure 1. Rivers at risk from abandoned mine pollution, and locations of minewater treatment 
plants and priority coal mine discharges. 
 
Discharges from abandoned mines can vary from seasonal trickles to substantial flows, and 
are not always polluted. Clean minewater discharges can sometimes dilute the effects of poor 
water quality in rivers due to industry or agriculture. For example, the Meerbrook Sough 
which was built in 1772 to drain Pb mines in the Derbyshire Peak District now discharges 
60,000 m3 of clean water per day and is the largest public groundwater supply source in the 
Midlands (Shepley, 2007). The County Adit in Cornwall, constructed in 1748, discharged a 
similar volume of water at its peak in 1839 (Cornish Mining WHS, 2009), however the 
minewater now draining from this 65 km long tunnel is highly polluted by Cd, Cu, Fe and Zn. 
 
Though the discharges from shafts and adits are often the most visible sources, surface 
activities such as mineral processing, tailings and waste disposal are also a significant source 
of metal pollution. They are often spread over a wide area and many small individual 
discharges can add up to create a substantial diffuse source. 
 
Case study: The River Gaunless 
In this 93 km2 former coal mining catchment in County Durham, Fe concentrations in the 
river often exceed the regulatory target (1 mg/l). There are six large point source inputs of 
minewater from former adits and shafts. Detailed monitoring investigations found that at low 
flow, diffuse sources accounted for about 50% of the loading. Under high flow conditions, 
this increased to more than 95%. The study confirmed that diffuse inputs from spoil heap run-
off, re-suspension of previously deposited Fe-rich sediments and direct groundwater input 
through the river bed are often more important than point source adit discharges (Mayes et al., 
2008; Younger, 2000).  
 
Contamination of river sediments and floodplain soils 
Metal-rich waste materials from mining have severely contaminated river, lake and estuary 
sediments and floodplain soils many tens of kilometres downstream of the mines. 
Concentrations of Cd, Pb, Cu, Zn and As are significantly higher than sediment quality 
guidelines which indicates that the health of the ecosystem is likely to be damaged 
(Environment Agency, 2008b). Floods re-suspend these sediments which can then 
contaminate floodplains used for agriculture. Metal concentrations in some floodplain soils 
significantly exceed government guidelines for grazing livestock on former metal mines, 
particularly for Cd, Pb and Zn (Environment Agency, 2008b). An estimated 12,000 km2 of 
river catchments in northern England are directly affected by historical metal mining with 
more than 90% of surface and subsurface floodplain soils having heavy metal concentrations 
above background levels (Macklin et al., 2006).  
 
Ecological impacts 
The impacts of abandoned mines on aquatic communities can have serious environmental 
consequences including: reduced numbers and diversity of invertebrates; fish mortalities, 
particularly of sensitive salmonid species; loss of spawning gravels for fish reproduction and 
nursery streams; a reduction in numbers and biodiversity in the river corridor. 
 
Recovery of ecosystems can be quite rapid when the polluting discharges are treated. For 
example, a spectacular improvement was observed in the invertebrate population of the 
Clydach Brook within six months of the Coal Authority implementing a remediation scheme 
in 2005 (Nesbitt, 2006). 
 
Many abandoned mine sites, particularly metal mines, have developed unique communities 
because of the physical and chemical characteristics of the landscape. Rare plants and animals 
live on the spoil heaps, including scarce lichens and mosses. In some rivers, contaminated 
river gravels have legal protection for their conservation value due to the metal-tolerant 
species that have adapted. These unusual communities are an important source of biodiversity 
and need to be understood and taken account of in any remediation plan. The long period over 
which elevated metal concentrations have been present in some metal-mining impacted rivers 
may have led to fish and ecological communities adapting to high contaminant levels. Further 
research and monitoring is needed to define appropriate water quality targets in these rivers to 
support healthy ecosystems.  
 
COAL MINE WATER ENVIRONMENTAL PROGRAMME 
We have mined coal in the UK for many hundreds of years. At the industry’s peak in 1913, a 
million men worked in 1,600 mines producing almost 300 million tonnes of coal a year. Over 
25,000 square kilometres of the country have been affected by coal mining. As the mines 
closed, underground pumping of water was stopped and they began to flood. As the water 
rose within the underground workings it dissolved metals and other substances, polluting 
rivers and streams when it reached the surface. Since 1994, the Coal Authority has been 
funded by the UK government to deal with pollution from abandoned coal mines. The 
environment agencies have used a formal scoring system to identify the highest priority 
discharges across the UK, and the Coal Authority are working through this list to remediate 
these discharges.  
 
Treatment plants 
There are 53 coal minewater treatment plants in the UK (Figure 1). These plants prevent over 
1,800 tonnes of Fe entering rivers, streams and aquifers every year. The Coal Authority has 
  
built 46 of these plants since 1994; 33 treat existing discharges and 13 prevent new 
uncontrolled discharges. Along with a network of pumping stations, these plants manage over 
140,000 m3/d of minewater, and have helped to clean up or protect over 200 km of rivers and 
streams. A further 7 treatment plants have been built by local authorities and private bodies. 
The HERO (Hydrogeochemical Engineering Research and Outreach) Group at Newcastle 
University run the CoSTaR (Coal mine Sites for Targeted Remediation Research) facility 
which investigates the performance of six full-scale minewater treatment systems (Jarvis et 
al., 2006).  
 
Most treatment plants are a combination of aeration, settlement ponds and reed beds. The 
reeds planted are usually the common reedmace, Typha latifolia and the common reed, 
Phragmites australis. If there is enough alkalinity naturally present in the minewater the 
dissolved Fe reacts with O2 and precipitates in the system, while the clean water is released 
back into the rivers. The chemical reactions are enhanced by bacteria naturally present in the 
minewater and wetlands which use Fe as an energy source. At a few sites, the quality of the 
minewater is not amenable to this method and more innovative methods have been applied. 
Reducing and Alkalinity Producing Systems (RAPS) have been built at Pelenna, Tanygarn 
and Bowden Close. These use compost and limestone to raise the pH and encourage the 
removal of Fe before discharging the minewater through a wetland. Unfortunately passive 
treatment is not always effective and dosing with lime or sodium hydroxide is needed at a few 
sites, usually in a high density sludge system. Passive treatment plants have proved to have 
additional benefits. Wherever possible they are designed to blend into the surrounding area, 
enhancing the amenity of the area for local people. Public access is encouraged by footpaths 
and bridges. They also increase biodiversity in the local area by creating new habitats. 
Wetlands have been in decline in Britain for many years, particularly in industrial areas. Some 
treatment sites have recorded over 100 species of birds within two years of operation.  
 
The Coal Authority is keen to encourage development of new sustainable methods for treating 
coal minewaters. Cardiff University have developed a vertical flow reactor which harnesses 
the properties of Fe ochre to create a higher density sludge and needs a much smaller land 
area than the traditional aeration and settlement lagoon approach (Sapsford et al., 2007). At 
the Lamesley wetland, minewater and sewage effluent are mixed before treatment in a 
conventional 5 ha aerobic wetland operated by the Coal Authority and Northumbria Water. 
This unique UK facility shows the potential for beneficial co-treatment of waste waters from 
different industries. 
 
Preventing future minewater discharges is a major element of the Coal Authority’s work. At 
700 sites, minewater levels and quality are monitored. Where levels have not yet stabilised, 
we use these data to predict if there is a risk of pollution of rivers or of water supplies in 
overlying aquifers. If pollution is likely, treatment will be installed as a priority. To reduce 
pumping and treatment costs, water levels are allowed to rise as high as possible without 
causing uncontrolled surface discharges or pollution of clean aquifers; ideally a gravity 
discharge can be engineered with no need for pumping. Energy and chemical consumption are 
managed to minimise costs and the carbon footprint of the remediation programme. 
 
Case study: National Coal Mining Museum for England. 
At Caphouse Colliery near Wakefield, rising minewater posed a threat to the underground 
workings open to museum visitors as well as to the River Dearne. Working with the Coal 
Authority, the minewater was controlled by pumping and treated at the surface. The treatment 
plant is now part of the visitor attraction with hides for bird watching built into the wetlands.  
 Case study: Taff Merthyr 
Closure of the collieries in the Taff Bargoed Valley in 1993 left a legacy of minewater 
pollution and dereliction that had a serious economic impact on the area. Many kilometres of 
river were blighted by ochre deposition, with a greatly reduced biodiversity. An ambitious 
regeneration project was planned by the local council to create a Millennium Park but this 
relied on a clean river. The Coal Authority built a 3 ha treatment system with a pumping 
station, aeration cascades, settlement lagoons and 16 reed beds. The plant now treats up to 
120 l/s, preventing 72 tonnes/a of Fe from entering the river. Treatment of the minewater 
allowed funding for the rest of the park to be released, and completion of the project. The 
treatment system is now an integral part of the community park, with footpaths and cycle 
tracks connecting it to the rest of the valley. The large wetlands are a valuable wildlife habitat 
for many species, and the river supports fishing and canoeing lakes. The site is also home to 
the Welsh National Indoor Climbing Centre, built into the old colliery buildings.   
 
Ochre management 
The existing coal minewater treatment plants produce about 50,000 tonnes of ochre every 
year, nearly all of which goes into landfills as a waste. We are working to identify 
management options for ochre which promote recovery and re-use of this resource while 
protecting the environment. Beneficial uses of the ochre have been investigated including: 
phosphate removal in sewage treatment works; a pigment in the dye and paint industry; a 
bulking agent and dye in the cement industry; feedstock to the iron and steel manufacturing 
industry; as a substrate for adsorption of other metals in non-coal minewaters. 
 
ABANDONED NON-COAL MINES 
The last UK metal mine closed in 1998 and deep mining is now restricted to gypsum, salt and 
potash. Environment Agency monitoring has shown that some abandoned metal mines are 
significant contributors to heavy metal pollution in our rivers and seas. The Parys Mountain 
mine on Anglesey is the single largest contributor of Cu and Zn to the Irish Sea, annually 
discharging 24 tonnes of Zn, 10 tonnes of Cu and 60 kg of Cd. The Restronguet Creek in 
Cornwall drains a heavily mined catchment and discharges 160 tonnes of Zn, 17 tonnes of Cu 
and 110 kg of Cd. In Wales, the 50 most polluting metal mines discharge 200 tonnes of Zn, 
32 tonnes of Cu, 15 tonnes of Pb and 600 kg of Cd annually (Mullinger, 2003). Many 
environmental quality standard failures for WFD priority substances are in metal mining areas 
(>70% Cd, >90% Pb). 
 
Because of the important role they played in the development of the UK, and in the 
industrialisation of the world, many abandoned mines are important heritage sites. A great 
many are protected as Scheduled Ancient Monuments and some, like the tin and copper 
mining areas of Cornwall and West Devon, have achieved UNESCO World Heritage Site 
Status (Cornish Mining WHS, 2009). This importance brings new challenges and 
opportunities. While protection of the site means that some treatment methods are not 
suitable, it can be a driver for remediation where the objectives of conservation and regulatory 
bodies converge.  
 
Case study: Wheal Jane tin mine, Cornwall 
The only full-scale minewater treatment plant at an abandoned British metal mine is at the 
Wheal Jane mine. In January 1992, arguably the most spectacular pollution incident in the last 
20 years took place when 45,000 m3 of minewater laden with Cd, As, Zn and Fe burst from 
the recently closed tin mine and caused a vast plume of polluting orange water in Falmouth 
  
Bay. An emergency treatment plant was built to clean up the discharge whilst a long-term 
solution was designed. A high density sludge system using lime and flocculants now treats up 
to 350 l/s minewater which is pumped from a shaft. The sludge is disposed of in the tailings 
dam of the former mine. 
 
What we have achieved so far 
Unlike for coal mines, there is no national body charged with dealing with the impacts of 
metal and other mineral mines and there is no national strategy to tackle the problem. Efforts 
to deal with the pollution from some non-coal mines have been made by the Environment 
Agency, local government and regional development agencies. Most projects have used a 
civil engineering approach to control leaching and dust generation from spoil heaps, usually 
because of concerns over human health. In some instances, such as at Bwlch and Cwmsymlog 
Ag-Pb mines in mid-Wales, water pollution has been made worse by this “remediation” 
because undisturbed spoil was exposed to oxygen. At other sites such as Cwmbryno and Van 
Pb-Zn mines, capping and re-profiling works have been more successful. Since 2002, the 
Welsh Assembly Government (WAG) has funded the Environment Agency to assess the 
feasibility of treatment and management options at the 50 most polluting mines in the Metal 
Mine Strategy for Wales (Environment Agency Wales, 2002). Pilot treatment plants and 
source reduction measures have been put in place in collaboration with other organisations. 
 
Passive treatment 
No sustainable, passive or semi-passive method has been established to treat discharges from 
non-coal mines at full-scale. The aeration, settlement and wetland approach so successful for 
coal minewaters is not effective for metals such as Cd, Zn and Cu. We have made some 
progress in trialling sustainable treatment methods, but much more research is needed to 
deliver a practical reliable solution at full-scale. We are particularly keen to develop 
technologies that require minimal ongoing maintenance, and allow the recovery of metals and 
energy to off-set capital and operating costs. Pilot-scale plants to assess the feasibility of 
treatment by different methods have been built at a few sites in Wales, Cornwall and the 
North Pennines (Table 2). 
 
Table 2: Pilot treatment plants at abandoned metal mines 
Mine  Location Lead organisations Treatment type Reference 
Bwlch, Esgairhir Mid-Wales Aberystwyth University Dealginated seaweed 
columns 
Hartley et al., 
2007 
Cwmrheidol Mid-Wales Environment Agency 
Wales 
Reducing and alkalinity 
producing system 
(planned 2008) 
Edwards and 
Potter, 2007 
Nenthead North 
Pennines 
Newcastle University Anoxic limestone drains Nuttall and 
Younger, 2000 
Parys Mountain Anglesey Environment Agency 
Wales, Menter Mon 
Chemical alkalinity 
addition 
Wilkinson, 2006 
Scraithole North 
Pennines 
Newcastle University Ochre pellet columns Mayes et al., 2009 
South Crofty Cornwall Environment Agency Anoxic limestone drains 
and aerobic wetlands 
Potter and Jarvis, 
2006 
Wheal Jane Cornwall Environment Agency Aerobic/anaerobic 
wetlands 
Younger et al., 
2005 
 
Case study: Cwmrheidol lead mine, Wales 
This complex of six mines, connected by two deep drainage adits, worked a rich Pb-Zn ore 
body from the eighteenth century until 1914. In its peak year, 1905, it produced 1,537 tonnes 
of Zn blende (sulphide) and 46 tonnes of Pb ore. The two adits now discharge acidic 
minewater containing high concentrations of Pb, Zn and Cd. The mine contributes half of the 
metal load in the River Rheidol, which fails to meet its quality targets for 15 km between the 
mine and the sea (Edwards and Potter, 2007).  
 
Engineering works have reduced the flow of surface water to the mine by diverting a stream 
that was entering a shaft. The adit discharges are being captured in new pipes to prevent 
erosion of spoil heaps and facilitate construction of pilot plants to test a series of different 
passive treatment technologies. The first system to be evaluated (during 2009) has been 
developed by Newcastle University at laboratory scale. Flow-through reactors filled with 
compost mixed with treated sewage sludge and waste shells from a shellfish processing plant 
remove metals through microbial sulphate reduction and alkalinity generation (Edwards and 
Potter, 2007). 
 
National strategy 
In collaboration with Defra and WAG, the Environment Agency is running a project to 
identify and prioritise abandoned non-coal mines causing pollution (Jarvis et al., 2008). This 
is helping us to understand the national scale of the impacts from these mines and provide a 
prioritised list of rivers where action is needed to deliver good chemical and ecological status 
for the WFD. By quantifying the overall pollution problem, we are able to develop a national 
strategy and estimate the likely cost to the government to clean up pollution from abandoned 
metal mines. 
 
CONCLUSION 
We have made considerable progress in dealing with the legacy of pollution from abandoned 
mines in the UK. However, much work remains for coal mines with the majority of existing 
discharges on the priority list still untreated. We are only just beginning to deal with non-coal 
mines by quantifying the scale of the problem and developing a national strategy. Work is 
needed to improve understanding of the impacts of past discharges on sediment quality and 
ecosystem health. We need to identify new sustainable treatment methods for metal mines, 
and recover energy and other resources from these systems, whilst ensuring that industrial 
heritage and biodiversity are protected. 
 
DISCLAIMER 
The views expressed are those of the authors and not necessarily the Environment Agency, 
Scottish Environment Protection Agency or the Coal Authority. 
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